PURPOSE: To determine whether 3-hydroxy-3-methylglutaryl coenzyme A inhibitors (statins) are associated with a decreased risk of colorectal cancer. METHODS: The population included 159,219 postmenopausal women enrolled in the Women's Health Initiative in which 2000 pathologically confirmed cases of colorectal cancer were identified during an average of 10.7 (S.D. 2.9) years. Information on statins was collected at baseline and years 1, 3, 6, and 9. Self-and interviewer-administered questionnaires were used to collect information on other risk factors. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated by the use of Cox proportional hazards regression to evaluate the relationship between statin use and risk. Statistical tests were two-sided. RESULTS: Statins were used by 12,030 (7.6%) women at baseline. The annualized colorectal cancer rate was 0.13% among users and 0.12% among nonusers. The multivariable adjusted HR for users versus nonusers was 0.99 (95% confidence interval [CI], 0.83-1.20, p Z .95), and 0.79 (95% CI, 0.56-1.11) for users of >3 years. In the multivariable adjusted time-dependent model, the HR for lovastatin was 0.62 (95% CI, 0.39-0.99). There was no effect of tumor location, stage or grade. CONCLUSIONS: There was a reduction in colorectal cancer risk associated with lovastatin and a nonsignificant association with longer duration of use.
INTRODUCTION
Colorectal cancer is the third-leading cause of cancer incidence and death among women in the United States, with an estimated 70,480 new cases and 24,790 deaths reported in 2010 (1) . With the appropriate use of treatment, colorectal cancer is potentially curable, especially if discovered at an early stage; however, the clinical presentation can be insidious, and patients frequently present at an advanced stage (2) . Although regular screening of asymptomatic patients by fecal occult blood testing, sigmoidoscopy, or colonoscopy is effective in decreasing the mortality associated with colorectal cancer, the majority of the population receives no screening or inadequate screening (3, 4) , and rates of screening are much lower than for other common malignancies. The high death rate from colorectal cancer and inadequate acceptance of screening support the need to focus on chemoprevention as a way to more effectively impact colorectal cancer mortality.
A number of measures, including regular intake of aspirin or nonsteroidal anti-inflammatory drugs (5) , calcium and vitamin D intake (6) , and dietary changes including increased fiber (7) and whole grain intake (8) , have been associated with lower colorectal cancer risk in observational studies; however, validation by randomized controlled trials have been disappointing (9, 10) . Colorectal cancer involves the progression through well-defined morphological, cellular, and genetic events in the adenoma to carcinoma pathway (11) . Statins are a logical candidate for chemoprevention Selected Abbreviations and Acronyms WHI Z Women's Health Initiative OS Z observational study CT Z clinical trial in that they have pleiotropic effects in addition to cholesterol-lowering including, inhibition of rho GTPases (12) (13) (14) , induction of apoptosis (12, (15) (16) (17) (18) , decrease in markers of chronic inflammation (19) , inhibition of cell proliferation (20) (21) (22) , and decrease in formation and progression of aberrant crypt foci (23) . In a population based case-control study, Poynter et al. (24) demonstrated a 47% reduction in colorectal cancer risk among users of statins for 5 or more years. The relationship between statins and reduction in colorectal cancer risk has been reviewed in four recently completed meta-analyses (25) (26) (27) (28) . Overall, the authors of observational studies have shown a modest reduction in risk; however, these findings have not been demonstrated in randomized controlled trials.
The purpose of this study was to test whether statins and other lipid-lowering agents are associated with a lower risk of colorectal cancer among participants in the Women's Health Initiative (WHI), which is the largest multicenter longitudinal study of postmenopausal women in the United States. In the WHI, detailed information on statin use and duration of use was collected at study entry, and additional follow-up information was collected at years 1, 3, 6, and 9. Cancer outcome data is available for an average (SD) of 10.7 (2.9) years of follow-up.
METHODS

Study Population
The WHI includes an observational study (OS; n Z 93,676) and three clinical trials (CTs; n Z 68,132) of hormone therapy, dietary modification, and calcium/vitamin D supplementation in postmenopausal women of mixed race and ethnicity (29) . Recruitment was conducted between October 1, 1993, and December 31, 1998, at 40 clinical centers in the United States. Eligibility criteria included women ages 50-79 years who were postmenopausal, planned to remain in area where they were recruited, and had an estimated survival of at least 3 years. Study methods have been described in detail elsewhere (30, 31) . Participants were followed through March 2005 and were invited to enroll in an extension study which lasted from April 2005 through September 2010.
The current analysis includes 91,912 women enrolled in the OS and 67,307 enrolled in the CT (159,219 total), and excludes 963 women with a previous diagnosis of colorectal cancer, 1624 women with an unknown previous history of colorectal cancer, and 2 women with unknown information on previous statin use. All participants signed informed consent forms, and all protocols and procedures were approved by institutional review boards of the participating institutions. Follow-up was through August 14, 2009 , for a mean (SD) follow-up of 10.7 (2.9) years and a maximum of 15.6 years.
Statin Exposure
At study entry, participants brought in all of their current prescriptions and each medication name was directly entered by study personnel into the WHI database, which assigned national drug codes by the use of Medispan software (First DataBank, Inc., San Bruno, CA). Participants also reported duration of use for each medication. Information on prescription medications was similarly updated at years 1, 3, 6, and 9 in the CT, and at year 3 in the OS.
Statins were defined as any 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors and were classified on the basis of solubility in octanol (lipophilicity) or water (hydrophilicity) (32, 33) . Lipophilic (or hydrophobic) statins (lovastatin, simvastatin, fluvastatin, cerivastatin) penetrate the plasma membrane whereas hydrophilic statins (pravastatin, atorvastatin and rosuvastatin) do not (34) (35) (36) . Statins were classified by potency on the basis of lipidlowering efficacy as low (fluvastatin and lovastatin), medium (pravastatin), and high (simavastatin, atorvastatin, cerivastatin and rosuvastatin) (34, 35, 37) . Data were collected on other lipid-lowering medications, including fibrates, colestipol, probucol, cholestyramine, niacin, and nicotinic acid.
Colorectal Cancer Diagnosis and Screening
Cancer diagnoses were updated annually in the OS or semiannually in the CT by mail and/or telephone questionnaires. Participant or next-of-kin reports of colorectal cancer were verified by centrally trained physician adjudicators after review of medical records and pathology reports using the Surveillance Epidemiology and End Results coding system (38) . Only invasive colorectal cancer cases were included and the following unusual or rare histologic types were censored: adenocarcinoma in the setting of polyposis coli (n Z 1), malignant carcinoid tumor (n Z 14), neuroendocrine carcinoma (n Z 9), infiltrating ductal carcinoma, NOS (n Z 2), medullary carcinoma (n Z 1), and malignant melanoma, not otherwise specified (n Z 3). Information on the frequency of screening tests, including fecal occult blood tests, rectal examinations, and sigmoidoscopy or colonoscopy was collected at baseline and updated semiannually in the CT and annually in the OS. Screening rates were not protocol defined. Current and previous use of menopausal hormones and oral contraceptives were ascertained by interviewer administered questionnaires that queried type, route of administration, number of pills per day/week, and duration for each preparation ever taken. Hormone therapy users were defined as those who used estrogen (with or without progestin) for at least 3 months after menopause.
Statistical Methods
Characteristics of statin users at baseline were compared with those of nonusers by c 2 tests. Annualized rates of colorectal cancer were calculated as the percentage of women with an event divided by total follow-up time in years by statin use categories and other lipid-lowering agents at baseline. An a priori plan specified that we perform selected subgroup analyses by duration (!1 year, 1 to !3 years, and >3 years), type, potency, and hydrophobic status. Women who used two or more statins were included in analyses that compared statin use to none, but were excluded from analyses that examined details of use (by type, potency or lipophilic). Separate analyses were conducted for proximal, distal and rectal sites as well as other clinical characteristics including stage, tumor size, lymph node involvement and grade. Hazard ratios (HRs) for colorectal cancer among statin users versus nonusers, and 95% confidence intervals (CIs) were computed from Cox proportional hazards analyses. Tests for the proportional hazards assumptions were conducted by a Cox model that included statin use and the interaction of statin use with follow-up time, and testing for a zero coefficient on the interaction term. Results of these analyses showed that the assumptions were not violated.
Cox proportional hazards analyses were used to assess associations between statins and colorectal cancer. Two models were developed including an age-adjusted model and a multivariable-adjusted model. Both sets of models were stratified as to allow the baseline hazard function to vary by assignment to active hormone or placebo in the two WHI hormone trials (estrogen plus progestin and estrogen alone), assignment to intervention or control in the dietary modification trial, or enrollment in the OS, and/or WHI extension study participation. To control for confounding, the multivariable model was additionally adjusted for age, ethnicity, education, smoking, alcohol use, physical activity, BMI, percent energy from fat, fruit and vegetable intake, dietary calcium, calcium supplement use, selenium supplement use, current healthcare provider, last medical visit within one year, colon screening at baseline, current HT use, family history of colorectal cancer, history of colon polyp removal, use of nonsteroidal antiinflammatory drugs, hypertension, history of stroke and history of coronary artery disease.
To evaluate the effect of the change in statin use over time, we conducted time-dependent models in which we incorporated updated information on statins (whether or not participants had started statins, statin type, category and potency) at years 1, 3, 6, and 9 in the CT and year 3 in the OS. We conducted time-dependent Cox models to examine the effect of colon screening during the study, where any report of screening (rectal examination, hemoccult guaiac, colonoscopy, sigmoidoscopy, flexible sigmoidoscopy, or barium enema x-ray), was incorporated on a yearly basis. Comparisons of colorectal cancer tumor characteristics between statin users and nonusers were based on c 2 and Fisher exact tests. We evaluated interaction effects of age, family history, BMI, colonoscopy screening, and hormone therapy with statin use on the association with colorectal cancer. All analyses were conducted with Statistical Analysis Systems (SAS) software, version 9.2 (SAS Institute, Inc., Cary, NC). All statistical tests were twosided with a significance level of .05.
RESULTS
The WHI cohort consisted of 12,030 statin users (7.6%)at baseline. Table 1 shows characteristics of WHI participants by statin use. Although most of the absolute differences between statin users and nonusers were small, many were statistically significant because of the large sample size. Statin users were more likely to be older than nonusers (mean age, SD, 65.6 [6.5] 2 ). Statin use was associated with tobacco consumption, previous colon screening, a family history of colorectal cancer, one or more co-morbid medical conditions, and use of nonstatin lipid-lowering medications or aspirin. Non-use of statins was associated with greater levels of education and family income, greater alcohol intake, more physical activity, use of hormone therapy and a diet with O30% calories from fat. Table 2 shows the distribution of statin users by type of statin, potency, lipophilicity, and duration of use. Simvastatin was the most commonly used single statin, and the majority of women used either a low-or a high-potency statin and/or a statin classified as lipophlilic. Among statin users at baseline, 3980 (33.1%) took statins for less than 1 year, 4088 (34) took statins for 1-3 years, and 3962 (32.9%) took statins for 3 or more years. Table 3 shows the incidence of invasive colorectal cancer (annualized %) and HRs by statin use and other lipid-lowering medications. There were 2000 women diagnosed with invasive colorectal cancer with a yearly incidence of 0.13% for statin users compared to 0.12% for non-users. There were no significant differences in risk of colorectal cancer for statin versus nonstain users at baseline in the age and WHI trial adjusted model (HR, 0.95; 95% CI, 0.81-1.12) or in the multivariable adjusted model (HR, 0.99; 95% CI, 0.83-1.20).
There were no significant differences in risk on the basis of type of statin, potency or category. There was a 21% decrease in colorectal cancer risk for statin use of O3 years' duration (HR, 0.79; 95% CI, 0.56-1.11) but this difference was not statistically significant (p Z .13). There was no significant association for other lipid-lowering medications and colorectal cancer risk. There was also no significant association between risk of proximal, distal, or rectal cancer and statin use, and no significant association between statins and colorectal cancer risk for any of the observed tumor characteristics at diagnosis (Table 4 ). There were no other significant interaction effects (data not shown).
When statin use reported at years 1, 3, 6, and 9 was incorporated into a multivariable time-dependent model, there was no overall effect on colorectal cancer risk (HR, 1.02; 95% CI, 0.89-1.16; Table 5 ). There was no significant association with colorectal cancer risk by statin potency or category or with other lipid-lowering medications in the time 
DISCUSSION
We hypothesized that statins are associated with a lower risk of colorectal cancer on the basis of in vitro and in vivo data suggesting that the mechanism of anticancer effects are through inhibition of small GTPases (Ras and Rho) (12) (13) (14) induction of apoptosis (12, (16) (17) (18) 25) , and regression of aberrant crypt foci (23) . The authors of previous epidemiologic studies have reported an association of statins with either a reduction in risk of cancer overall (40, 41) , or specifically a reduction in colorectal cancer risk (27, 28) . In our analysis, we found no overall protective effect of statins, or when statins were considered by potency or category; however, we observed a significant reduction in colorectal cancer risk for lovastatin specifically in a time-dependent analysis, and a modest, although not significant reduction for overall statin use of >3 years. We also found no association of colorectal cancer risk with use of nonstatin lipidlowering agents, although only 1.4% of the cohort reported use of these medications at baseline.
Results from previous studies have been mixed. In a 2007 meta-analysis of 18 studies involving more than 1.5 million patients, there was no significant association between statins and colorectal cancer in six randomized controlled trials, and in 3 cohort studies, although among the nine casecontrol studies cited (including two studies presented as abstracts), there was an overall modest reduction in risk (26) . This risk reduction was mainly attributed to the findings of a population-based study completed by Poynter et al. (24) in which statin use was compared among 1953 cases and 2015 controls in Northern Israel. Their results showed that statin use of 5 or more years was associated with a 47% reduction in risk. CI Z confidence interval; HR Z hazard ratio; HT Z hormone therapy; NSAID Z nonsteroidal anti-inflammatory drugs; WHI Z Women's Health Initiative. *Annualized percents are calculated by category as the percentage of women with an event divided by total follow-up time in years.
y Cox proportional hazards models are adjusted for age and stratified by WHI trial randomization and extension study participation.
z Cox proportional hazards models are adjusted for age, ethnicity, education, smoking, alcohol use, physical activity, body mass index, percent energy from fat, fruit and vegetable intake, dietary calcium, calcium supplement use, selenium supplement use, current healthcare provider, last medical visit within one year, colon screening, current HT use, family history of colorectal cancer, history of colon polyp removal, NSAID use, hypertension, history of stroke and history of coronary artery disease and stratified by WHI trial randomization and extension study participation.
In a recently updated meta-analysis of 11 randomized controlled trials, 13 case-control, and 8 cohort studies, authors estimated the overall effect of statins and reported an 8% reduction in risk, although again there were no significant effects seen in randomized controlled trials (25) . It should be noted that the randomized trials were designed to assess the impact of statins on cardiovascular health and were not powered to assess the role of statins in cancer prevention. In a review of eight cohort studies, the authors revealed heterogeneous findings with one study showing a significantly increased risk (42) , two other studies showing a reduction in risk (43, 44) , and five others showing no association (45) (46) (47) (48) (49) . Overall cohort studies revealed a nonsignificant marginal reduction in risk among users of statins (HR. 0.89; 95% CI, 0.75-1.05) (25) .
Our results showing a marginal reduction in risk of colorectal cancer associated with statins are consistent with other cohort studies (25) . The reduction in risk associated with lovastatin in the time-dependent analyses though was of marginal significance, and could have been due to chance because of multiple comparisons. It is of note that at baseline, lovastatin was the second most commonly used statin in the WHI and accounted for 47% of individuals that used statins for more than 3 years. By study year 9, lovastatin accounted for only 5% of those who used statins for more than 3 years, 55% of whom reported taking atorvastatin (data not shown). It is also possible that the results by duration of use, did not reach statistical significance because of the relatively uncommon baseline use of statins in the WHI for women enrolling from 1993 through 1998 (7.6%), compared with other studies in which the prevalence of statin use ranges from 1.8% to 76%. Also, in the WHI there were only a few cases (n Z 46) who used statins for 3 or more years, and additional analyses of statin use of 5 or more years reported in 26 women were not significant (data not shown). It is of note that the WHI analysis of statins and breast cancer risk revealed a reduction in breast cancer risk associated with lovastatin as well as simvastatin and fluvastatin which are also both lipophilic statins (50); however, simvastatin and fluvastatin were not associated with a reduction in colorectal cancer risk in the current analysis.
The strengths of the WHI include the prospective design; information on statin use through multiple years of followup; inclusion of a large, racially diverse sample of wellcharacterized women; large number of colorectal cancer cases; collection of detailed information on a comprehensive range of risk factors; complete follow-up of outcomes; assessment of screening at baseline and follow-up; blinded adjudication of colorectal cancer via pathology report review; description of colorectal cancer clinical characteristics; and the ability to examine associations by statin category. Limitations include the relatively low prevalence of statin use, lack of information on dose, and low power to examine long-term effects. Although statin use was determined by self-report, the actual data were derived from medications that WHI participants brought in to their clinic visits and were directly recorded by study personnel. Other limitations include the fact that there may be residual confounding by unmeasured factors and that participants were not required to have colorectal cancer screening. In conclusion, despite sound scientific plausibility, the association of statins with a reduced risk of colorectal cancer is not clearly evidenced in the WHI cohort. Although the reduction in risk associated with lovastatin in the timedependent analysis is provocative, and the marginal reduction in risk with longer term exposure was consistent with the literature, our results are still not conclusive. Recent studies suggest that the efficacy of statins in reducing both cardiovascular (51) and colorectal cancer risk (52) may be related to genetic variation in 3-hydroxy-3-methylglutaryl coenzyme A reductase activity. The results from these studies support the need for randomized trials of statin use among individuals at high risk for colorectal cancer based on family history or genetic predisposition. Cox proportional hazards models are adjusted for age and stratified by WHI trial randomization and extension study participation.
